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Introduction The supplemental information consists of two text sections which cover
1) the extraction of axial cross-sections from the experimental data and 2) theoretical
calculations of forces in a current channel with Gaussian cross-section. Several figures
are also included to complement the text supplements. The three movies consist of one
movie of the experiment and two visualizations of the 3D dataset. Lastly, an archive
folder containing an accessible subset of the 3D B-field data is included.
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S1. Axial cross-sections
The process of acquiring cross-sections perpendicular to the loop axis first requires the
axis to be defined. As mentioned in the paper, the current axis was chosen as the loop
axis as it was more consistent and more localized than the magnetic axis. These two axes
are not coincident due to the arched geometry and the small aspect ratio of the current
density (R/r < 3). This offset of the magnetic axis to a larger radius than the current
axis is another manifestation of the hoop force.
The tracking procedure follows the local maximum of the current density along the
loop. The axial direction was defined by the average direction of the current across a
cross-section. After defining both the axis location and direction, perpendicular cross-
sections were taken at 1 cm intervals along the loop axis. Cross-section values for B and
J were interpolated using the Python scipy.griddata function.
S2. Calculation of axial forces for Gaussian current channel of varying minor
radius
For the majority of the loop length, the current cross-sections have a 2D Gaussian cross-
section. Supplemental Figure 1 shows a characteristic axial cross-section of current density
showing good agreement between a 2D Gaussian fit and the data. Since previous pub-
lications [Bellan, 2003] only considered linear or quadratic cross-sections, the following
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calculates the axial forces from a current channel with Gaussian cross-section:
J(r) =
I
(2piσ2)
e−
r2
2σ2 , (1)
Bθ(r) =
γ(r)Iµ0
2pir
, (2)
γ(r) = 1− e−r
2
2σ2 , (3)
where s is the distance along the axis, I is the total current, r is the distance from the
loop axis, and γ(r) is the fraction of total current inside radius r. The standard deviation
varies along the axis: σ(s).
Solving for the magnetic forces gives:
fsˆ[N/m
3] =
I2µ0
4pi2σ3
γ(1− γ)dσ
ds
(4)
Integrating Eq. 4 over the cross-section, gives the axial magnetic-force-per-length:
Fsˆ[N/m] =
I2µ0
4piσ
dσ
ds
. (5)
To solve for axial pressure gradients ∂P
∂s
, we assume force balance along the minor radius:
0 =rˆ · ( ~J × ~B − ~∇P )
=
JθBs − JsBθ − ∂P
∂r
(6)
The JθBs term is associated with the magnetic pressure of the axial field resisting radial
compression. We omit this term here for clarity. However, this term is important as it
reduces the equilibrium internal pressure of the current channel.
Solving for ∂P
∂r
:
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Bθ(r) =
γ(r)Iµ0
2pir
, (7)
JsBθ =
Bθ
µ0r
∂
∂r
(rBθ)
=
(
I
2pi
)2
µ0
r2
γ(r)
∂γ
∂r
, (8)
so,
∂P
∂r
= −
(
I
2pi
)2
µ0
rσ2
γ(r)(1− γ(r)). (9)
Integrating ∂P
∂r
from infinity to zero gives a pressure distribution:
P (r) = −
(
I
2pi
)2
µ0
2σ2
W (r), (10)
where,
W (r) = Ei
(−r2
σ2
)
− Ei
(−r2
2σ2
)
, (11)
and ‘Ei’ is the exponential integral:
Ei(x) =
∫ x
−∞
et
t
dt. (12)
Consequently the vertical pressure gradient is:
−∂P
∂s
=
(
µ0I
2
4pi2σ3
∂σ
∂s
)
(γ(γ − 1) +W (r)) , (13)
adding the magnetic forces,
JsBθ =
I2µ0
4pi2σ3
dσ
ds
γ(1− γ), (14)
we get the total axial force density:
JsBθ − ∂P
∂s
=
(
µ0I
2
4pi2σ3
∂σ
∂s
)
W (r). (15)
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Supplemental Figure 4 plots the separate magnetic and pressure terms for axial force
density.
The axial pressure gradient calculated here represents an upper bound due to the omis-
sion of the JθBs term. In the experiment, the JθBs term offsets a large fraction (0.5-0.9)
of the pinch force, resulting in 2-10 times lower internal pressure than a system without
axial field. This reduces axial pressure gradients by the same factor (2-10) but does not
affect the axial magnetic forces. Consequently, the experimental axial-force-density has a
much flatter profile.
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Dataset S1.
Dataset of 3D vector B-field in cartesian coordinates over full 3D volume at 0.5 µs time
intervals. Files are single column with 5440 entries. The X,Y,Z files give the position of
each element in the column for each coordinate. Magnetic field values and positions are
in SI units (Tesla, meters). The raw data and python scripts for accessing it are available
here: https://drive.google.com/open?id=0B5sYQ5i-X7gjU3hKQ2xkRFdvUTA
Movie S1.
Visible light movie of double loop evolution from fast camera images (2us interframe time).
Movie S2.
Movie of B-field evolution showing field lines from three different viewpoints. Current
density isosurfaces (green and blue) and JxB vectors are also shown.
Movie S3.
Movie of current density evolution showing current density isosurfaces and current density
vectors.
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Figure 1. Plot of current density cross-section and 2D Gaussian fit. Equivalent
contours from the Gaussian fit and the current density are plotted in dotted and solid
lines, respectively (red:90%, green:75%, blue:50%). Discontinuous region in upper right
corner is outside the data region.
D R A F T August 1, 2017, 4:02pm D R A F T
X - 10 HAW ET AL.: MHD COLLIMATION MECHANISM
Figure 2. Plot of axial force per length at footpoints versus Eq. 5 for current range
0-22 kA. Yellow labels indicate total current.
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Figure 3. Sample spectrum around 351.5 nm. Spectroscopic measurements of the
Argon plasma in the lab experiment along 12 lines of sight indicate a constant temperature
between 1.92-2.02 eV. Temperature is bounded by matching observed lines to Saha/LTE
spectra for Argon Kramida et al. [2015]. Since line ratios remain constant in time and
space, it is expected that the plasma can be modeled as isothermal.
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Figure 4. Plot of theoretical axial forces from a flared current channel with Gaussian
cross-section assuming radial equilibrium.
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Figure 5. Diagram of Loop b subsystems and initial conditions for the background B-
field, and neutral gas distribution. Loop a has an identical setup with a separate, isolated
power supply.
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